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ABSTRACT: Iridium-based compounds are materials of great interest in the production of highly eﬃcient organic light emitting
diodes and several other applications. However, these organometallic compounds present relative low stability due to
photodegradation processes still not well understood. In this work we investigated paramagnetic states induced by UV
photoexcitation on iridium(III) bis[(4,6-ﬂuorophenyl)-pyridinato-N,C2′]picolinate (FIrpic) and iridium(III)-tris(2-phenyl-
pyridine) (Ir(ppy)3) complexes dispersed in diﬀerent polymeric matrices by electron spin resonance (ESR). Photogenerated
charged states with relatively strong hyperﬁne interactions were observed and attributed to matrix/complex charge-transfer
processes. Measurements of the signal amplitude decay after photoexcitation interruption were performed as a function of
temperature. The photoinduced centers are thermally activated with energy barrier between 0.3 and 0.6 eV. Electronic structure
calculations suggest that the signals observed by ESR are associated with metastable negatively charged Ir complexes distorted
structures.
1. INTRODUCTION
Iridium complexes are highly eﬃcient photoluminescent
materials largely employed as dopants in active layers of
organic light emitting diodes (OLEDs),1−4 oxygen sensing,5−8
and catalytic applications.9 The high spin−orbital coupling in
these complexes results in quite unique optoelectronic
properties, such as triplet emission and quantum eﬃciencies
close to 100%.
For the production of electronic devices, Ir-based dyes are
commonly dispersed in polymeric hosts. These dispersions
frequently confer improved properties to the resulting systems,
as high triplet/singlet excitons harvesting in OLEDs4,10 or
mechanical stability in oxygen sensors.6,11 In particular,
dispersions containing low spin−orbit-coupled polymeric
hosts have also attracted great attention due to signiﬁcant
changes induced in the optoelectronic properties of these
systems by external magnetic ﬁelds.12,13
Despite these promising technological applications, the use
of metal complexes is still limited due to stability problems. In
fact, distinct mechanisms have been proposed to explain the
degradation of Ir compounds;14 however, the processes
involved are not understood in detail. Recently the existence
of intrinsic chemical degradation routes of Ir-based phosphor-
escent dyes was imputed to the complexes’ chemical
dissociation during OLED operation. Based on mass
spectrometry experiments, Moraes et al. and Sivasubramaniam
et al. proposed that ligand’s decomplexation generates charged
subproducts in the system, which subsequently react with host
segments producing nonradiative species.14−16
Structural changes of Ir complexes have also been associated
with nonradiative transitions involving triplet excited states of
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these compounds.17 It has been proposed that internal
conversions from photogenerated metal-to-ligand charge-trans-
fer states (1MLCT/3MLCT) to metal-centered triplet states
(3MC) could be responsible for Ir−N bond dissociation and
ligand rotation resulting in ﬁve coordinated distorted trigonal
bipyramidal (TBP) structures. However, although there is some
evidence of such nonradiative transitions, until now there has
been no direct experimental measurements able to prove the
existence of such distorted structures,18,19 as well as their role in
the complex degradation.
In order to better evaluate degradation and/or charge
transfer (CT) processes that can take place in organometallic-
based systems, in this work we present electron spin resonance
(ESR) studies of photogenerated paramagnetic states on
pristine and polymer dispersed Ir complexes, namely, iridium-
(III)-tris(2-phenylpyridine) (Ir(ppy)3) and iridium(III) bis-
[(4,6-ﬂuorophenyl)-pyridinato-N,C2′] picolinate (FIrpic). ESR
signals are found and attributed to photoinduced structural
defects on Ir-complexes. Electronic structure calculations
performed on distinct paramagnetic species suggest that the
signals can be associated with negatively charged distorted
structures, indicating that TBP species can in fact be formed
and stabilized by CT processes in the system.
2. METHODOLOGY
Poly(methyl methacrylate) (PMMA), polystyrene (PS), and
poly[9,9-di(2-ethylhexyl)-ﬂuorenyl-2,7-diyl] (PFO) polymers
were purchased from Sigma-Aldrich and employed as matrices.
The dyes iridium(III) bis(2-(4,6-diﬂuorephenyl)pyridinato-
N,C2) (FIrpic) and tris[2-phenylpyridine] iridium (Ir(ppy)3)
were purchased from American Dye Source, Inc. and used as
received. Figure 1 shows the structure of the compounds.
Diﬀerent compositions were considered: pure FIrpic, FIrpic
+PS (4:3 w/w), FIrpic+PMMA (6:50 w/w), FIrpic+PFO (4:3
w/w), pure Ir(ppy)3, Ir(ppy)3+PS (3:25 w/w), Ir-
(ppy)3+PMMA (6:50 w/w), and Ir(ppy)3+PFO (1:100 w/w).
All samples were prepared by dissolving the complex and the
polymer matrix in THF. After solvent evaporation, the ﬁlms
obtained were placed in the quartz tubes with 4.5 mm in
diameter for ESR analysis.
Light-induced electron spin resonance (LESR) measure-
ments were performed using an X band spectrometer
MiniScope MS300 from Magnettech in the temperature
range of 278 and 363 K. An UV LED (370 nm, 1 mW) was
used for photoexcitation. Manganese markers were used for g-
factor calibration. Some measurements were made on a Bruker
Elexsys E580 spectrometer operating at X-band. In this
spectrometer temperature was controlled by a continuous
ﬂow of liquid helium using an Oxford cryogenic system.
For electronic structure studies, diﬀerent isomers of the Ir-
complexes were considered: four isomers for FIrpic (FIrpi-
c(iso1−4)) and two for Ir(ppy)3 (Ir(ppy)3(fac/mer)).
15,19 The
ground-state geometries were optimized by DFT approach
with Becke’s LYP (B3LYP) exchange-correlation functional.
Quasi-relativistic pseudopotentials20,21 and double-ξ quality
basis set (LANL2DZ) were employed for Ir atom description,
while the 6-31G basis set was adopted for lighter atoms.
Optimization studies were performed with the aid of GAMESS
computational package.22 ESR parameters were obtained in a
DFT approach by using two diﬀerent hybrid functionals,
B3LYP and PBE0 (Perdew−Burke−Erzerhoﬀ GGA hybrid
functional). Relativistic eﬀects were taken into account by
employing the scalar-relativistic ZORA (zero-order regular
approximation) Hamiltonian.23 Ir atoms were described by
segmented all-electron relativistically contracted (SARC)
polarized triple-ξ-valence basis set (TZVPPP), and the lighter
atoms were described by the SARC-TZVP basis set.24 The
calculations were performed using the ORCA computational
package.25
3. RESULTS
Figure 2 shows the LESR signals obtained for the complexes
FIrpic and Ir(ppy)3 in pure ﬁlms and dispersed into the
polymeric matrices polyﬂuorene (PFO), polystyrene (PS), and
poly(methyl-methacrylate) (PMMA). The spectra were
normalized by the masses of the Ir complexes present in the
dispersions. All measurements were made at the same
experimental conditions at room temperature.
As can be seen, the signal is composed of four transition lines
for FIrpic+PFO, FIrpic/Ir(ppy)3+PS, FIrpic/Ir(ppy)3+PMMA
systems, and FIrpic (pristine). On the other hand, no signal was
obtained for Ir(ppy)3+PFO and Ir(ppy)3 (pristine). In general,
the signals were more intense in the PS and PMMA matrix.
One relevant feature of the spectra is the diﬀerence in
amplitude between the transitions. This asymmetry was
observed even at high temperature (363 K) and can in
principle be ascribed to diﬀerent factors, such as the presence of
equivalent hydrogen and/or nitrogen hyperﬁne interactions,26 g
and A tensors with distinct principal axes,27 or Ir isotopes with
diﬀerent quadrupole and hyperﬁne ratios (Q/A).28 A small
distortion in the line shape of the ﬁrst two transitions in the
PMMA matrix suggests the presence of additional defects in
this matrix.
Table 1 summarizes relevant parameters obtained from
LESR spectra for the diﬀerent systems. For all cases, the
hyperﬁne constants (A) were estimated by considering the
average diﬀerence between adjacent transition peaks. The
resonant ﬁeld, employed in g-factors estimation, was obtained
by evaluating the position of the spectrum at its center (region
between the second and third transitions) and then corrected
by its relative position regarding to Mn markers.
Note that both line shape and ESR parameters are quite
similar, independent of Ir-complex and matrix, which suggests
that the centers experience very similar chemical environments.
The signals shown in Figure 1 were obtained under UV
irradiation, presenting a signiﬁcant decrease after illumination
Figure 1. Structures of Ir complexes and polymeric matrices.
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interruption. Figure 3a illustrates the signal amplitude depend-
ence with elapsed time after photoexcitation interruption for
the system FIrpic+PS in diﬀerent temperatures (peak-to-peak
diﬀerence between the maximum and minimum of the central
transition). The curves can be well adjusted by a second-order
exponential decay with two components: a fast-temperature
independent decay, τ0, and a slow-temperature dependent
decay, τ1(T). A similar behavior was observed for all systems
(see Supporting Information).
This decay suggests that the LESR signal is associated with
photogenerated metastable paramagnetic states, which are
inﬂuenced by the polymer matrix. The decay time constant is
temperature dependent; in Figure 3b the dependence of ln[1/
τ1] with the reciprocal of the temperature (1/T) for the system
FIrpic+PS is presented. As can be seen, the decay time
dependence can be ﬁtted by
τ τ= · = −−k k E T1/ e ln(1/ ) ln( ) (1/ )Ea T1 / 1 a (1)
where k represents a pre-exponential term, and Ea the activation
energy associated with the signal decay.29 Table 2 summarizes
the average activation energy obtained for each system
following eq 1.
In general, larger activation energies were obtained for
Ir(ppy)3-based systems, suggesting the presence of more stable
paramagnetic states in this complex. Quite similar activation
energies were obtained for PS and PMMA matrices, indicating
that these hosts play a similar role on the paramagnetic centers’
stability.
Figure 4 presents the comparison of LESR spectra acquired
at 77 K and room temperature for the complexes Ir(ppy)3 and
Figure 2. LESR signals obtained for the complexes FIrpic (a) and Ir(ppy)3 (b), pristine and in diﬀerent hosts.
Table 1. Experimental ESR Parameters
system g-factor A (mT)
FIrpic 2.0067 ± 0.0005 1.31
FIrpic+PS 2.0068 ± 0.0005 1.19
FIrpic+PMMA 2.0068 ± 0.0002 1.19
FIrpic+PFO 2.0066 ± 0.0003 1.19
Ir(ppy)3 No signal No signal
Ir(ppy)3+PS 2.0070 ± 0.0004 1.18
Ir(ppy)3+PMMA 2.0067 ± 0.0003 1.19
Ir(ppy)3+PFO no signal no signal
Figure 3. (a) Signal amplitude decay as a function of the elapsed time from the photoexcitation interruption. (b) Linear ﬁt related to eq 1
Table 2. LESR Decay Time Activation Energy for Diﬀerent
Ir Complex Systems
system Ea (eV)
FIrpic+PS 0.36 ± 0.02
FIrpic+PMMA 0.37 ± 0.08
Ir(ppy)3+PS 0.5 ± 0.1
Ir(ppy)3+PMMA 0.5 ± 0.2
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FIrpic in PS (see Supporting Information for PMMA-based
systems, including spectra acquired at 40 K).
Low-temperature spectra present stronger asymmetry
between the central and peripheral transitions and a lower
line width with respect to those presented in Figure 2. Note
that no additional changes in line shape are observed,
suggesting that the main features of the obtained spectra
cannot be just associated with anisotropic eﬀects as discussed
previously.
4. DISCUSSION
The spectra presented in Figure 2 evidence the formation of
paramagnetic species in the systems after UV irradiation. The
existence of similar line shapes and ESR parameters for all the
systems under study, including pure FIrpic ﬁlm, suggests that
the LESR signal is mainly associated with paramagnetic species
generated in the complexes. In this way, the polymer matrix
plays a secondary role, being probably responsible for
stabilizing the photogenerated species.
The spectra presented in this work, however, is quite
diﬀerent from those commonly reported for Ir complexes.30−33
In general, ESR spectra found in the literature have broad line
shapes and strong hyperﬁne interactions, which are related to
paramagnetic centers close to the Ir atoms. Thus, our results
show that the LESR-induced paramagnetic spins experience
weaker interactions with Ir, suggesting that they should be
delocalized on the complex ligands instead of being
concentrated on the Ir atom. Indeed this assumption is
compatible with lower hyperﬁne coupling constant and g-values
closer to the free electron, as observed.
In this context, in principle, the presence of four transitions
in the spectra can be ascribed to hyperﬁne interactions with Ir
atom (with a weak coupling) or with equivalent hydrogen (I =
1/2) and/or nitrogen (I = 1) atoms, or even to the
superposition of the ESR response of two or more centers
located on distinct chemical environments, for instance, one on
the complex and another on the polymeric matrix. This latter
hypothesis actually seems to be less plausible in the present
case since LESR signals were observed in pure FIrpic ﬁlms,
discrediting the relevance of host signals. In addition, no
signiﬁcant changes in line shape could be observed by varying
the temperature and microwave power, in contradiction to the
expected behavior of spins systems located in distinct
environments, where diﬀerent relaxation times and saturation
dynamics are expected.
Considering that paramagnetic centers are located on the Ir-
complex ligands, the similarity between the spectra of Ir(ppy)3
and FIrppy indicate that the unpaired spins are located on
similar ligands, for instance, the phenylpyridine (ppy) and
diﬂuorophenylpyridine (2Fppy) for Ir(ppy)3 and FIrpic,
respectively.
In this same context, another relevant feature that can bring
valuable information about the mechanism responsible for the
paramagnetic center formation is the diﬀerence in the response
of pristine FIrpic and Ir(ppy)3 ﬁlms. Despite both complexes
presenting similar structures, just the FIrpic ﬁlms present
detectable ESR signals after irradiation. Considering the
structure of both Ir complexes (Figure 1), this fact could in
principle be associated with the higher asymmetry of FIrpic
compared to Ir(ppy)3. Indeed this feature could result in a
stronger molecular electric dipole on this compound that could
facilitate the dissociation of photogenerated excitons. Since this
asymmetry is not observed in Ir(ppy)3, it could hinder the
occurrence of such process in pure ﬁlms of this complex.
However, the presence of intense signals in Ir(ppy)3+PS and
Ir(ppy)3+PMMA indicates that the complex−matrix interac-
tions facilitate the paramagnetic center formation, possibly by
charge transfer followed by charge trapping.
In fact, it is diﬃcult to underline the exact mechanism
associated with the paramagnetic center formation in our
samples, or even to deﬁne whether it is associated with CT
processes, degradation routes, or additional reactions involving
matrix segments. Regarding the ﬁrst possibility, it is known that
Ir complexes often present lower oxidation than reduction
potential34 with respect to a common reference electrode. In
this sense, one expects cationic species to be more easily
formed in comparison to anionic counterparts. As a matter of
fact, from energy level analysis, the formation of positively
charged Ir species is a plausible process after UV excitation,
since the diﬀerence between ELUMO of the complexes and the
hosts (ΔELUMO) is lower than ΔEHOMO (see Figure 5). In this
case, the dissociation of photo excited excitons results in an
electron transfer from the complex to the matrix, generating
cationic Ir structures in the system. On the other hand, the
formation of negatively charged Ir structures is not extensively
discussed in the literature, although these structures are also
considered to be stable if they are formed.34
Figure 4. LESR spectra measured at 77 K and room temperature for the complexes Ir(ppy)3 and FIrpic in PS.
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In addition to CT processes, degradation mechanisms such
as light-induced ligand decomplexation of Ir compounds,14,16
ligand rotation,17,19 and interaction/incorporation of reactive
oxygen species in the system6,8 should also be considered in
order to explain the generation of ESR stable species. The
ligand decomplexation has been proposed as a degradation
route of Ir-complexes based OLEDs. It has been suggested that
lateral ligands like ppy (or picolinate−pic) could dissociate
from the Ir central atom of Ir(ppy)3 (or FIrpic) in a reversible
or irreversible way, generating the radical species Ir(ppy)2
•
(Ir(Fppy)2
•) and ppy• (pic•). These radical species could be
the origin of the LESR signals.
In the same context, it has been proposed that distorted
structures, coming from Ir−N bond cleavage and ligand
rotation, were also formed after photoexcitation. These
structural rearrangements would be induced by triplet
transitions from metal-to-ligand charge transfer (3MLCT)
states to metal-centered (3MC) states,19 generating metastable
distorted structures in the system. The presence of such
distorted structures, with distinct frontier levels and electro-
aﬃnity, could induce quite uncommon CT processes in the
system, which could generate paramagnetic states.
Finally, since our experiments were conducted with samples
exposed to the air, another relevant possibility is oxygen-
induced signals. It is known that reactive oxygen species (ROS)
are generated by the interaction of diatomic oxygen with triplet
excited Ir compounds. Such reactive species could follow
subsequent reactions, possibly generating radicals or traps in
the systems.5
In order to better understand the real nature of the observed
paramagnetic centers, as well as the processes involved,
electronic structure calculations were performed considering
distinct complexes’ structures related to the above presented
hypothesis: cationic and anionic ground state optimized
species: FIrpic−, FIrpic+, Ir(ppy)3
− and Ir(ppy)3
+; optimized
and nonoptimized subproducts coming from ligand decom-
plexation: Ir(ppy)2
• and ppy•; and negatively and positively
charged distorted species obtained by pyridine ring rotation:
Ir(ppy)3-Nrot
+ and Ir(ppy)3-Nrot
−. Distorted structures were
evaluated just for Irppy3, since it would be diﬃcult to determine
which ligand suﬀers rotation in FIrpic.
In the following, we present a summary of the results
obtained. Details regarding the calculations, as well as results
for all structures, are available in the Supporting Information.
• The cationic species FIrpic+ and Ir(ppy)3+ provide large
values of g-factor and hyperﬁne coupling (g: 2.31959−
3.38852; Aiso > 2.5 mT), mainly due to the high spin
density on the Ir atom.
• The anionic species FIrpic− and Ir(ppy)3− have g-factors
very close to the experimental values (g: 2.00425−
2.01180); however, they have weaker hyperﬁne inter-
actions than that obtained from experiments (Aiso < 0.5
mT).
• The subproduct Ir(ppy)2• and the distorted structure
Ir(ppy)3-Nrot
+
fac have the same characteristics of cationic
structure Ir(ppy)3
+ (g: 2.14307−4.02210), due to the
high spin density on the Ir atom.
• The subproduct ppy• has a small g-factor value (g:
2.00234−2.00236); however, it cannot reproduce the
hyperﬁne interaction, even considering N and/or H
hyperﬁne couplings.
• Finally, among all structures studied, the most suitable
set of parameters were obtained for Ir(ppy)3-Nrot
−
fac
species, which are summarized in Table 3 and Figure 6.
As can be seen, the results suggest that the hyperﬁne
interaction with the iridium atom is responsible for the quartet
structure of the LESR signal. Note that, despite good hyperﬁne
matching with the experimental observations, we are not able to
reproduce the g-factors. Such deviations could be in principle
ascribed to the inﬂuence of the matrix that was not considered
in the calculations. Nonetheless, it is important to emphasize
that DFT calculations give us a qualitative idea regarding the
nature of the observed LESR signal, indicating that photo-
generated paramagnetic centers are not compatible with simple
charged species or degradation byproducts.
Figure 7 illustrates the structure and spin density of two
optimized of Ir(ppy)3-Nrot
− species, considered in the
calculations; for comparison with the charged structures see
the Supporting Information.
As can be seen, in the distorted conformations, the unpaired
spin is mainly delocalized on the ligands, presenting a smaller
interaction with the central Ir atom, which ensures reduced
spin−orbit coupling in these species in comparison to the
cationic structures. In addition, the presence of a rotated ring
promotes higher spin localization on the other two ligands, in
comparison to that expected for undistorted anionic structures.
These features culminate in intermediary hyperﬁne couplings
and g-factors close to the free electron in these structures that
are compatible with our data.
In fact, the formation of ﬁve-coordinate distorted trigonal
bipyramidal (TBP) structures, similar to those presented in
Figure 7, has been associated with nonradiative transitions of Ir
complexes. DFT calculations performed by Treboux et al. and
Sajoto et al. have shown that TBP structures are related to the
lowest triplet state of these complexes, which is associated with
a metal-centered triplet state (3MC).17,19,39 Following a similar
mechanism, already proposed for Ru-based compounds, it has
Figure 5. Energy levels of the materials under study. Dotted lines
represent triplet level energies.35−38
Table 3. g-Factors and Ir Hyperﬁne Couplings Obtained for
Negatively Charged Distorted Structures
species functional g-value (giso) Ir hyperﬁne (Aiso − mT)
Ir(ppy)3-Nrot
−
fac (A) B3LYP 2.043 68 1.269
PBE0 2.043 29 1.481
Ir(ppy)3-Nrot
−
fac (B) B3LYP 2.018 96 0.852
PBE0 2.020 93 1.038
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been suggested that internal conversions involving 3MLCT and
3MC states, as well as additional intermediary states, could take
place in Ir complexes, generating such distorted structures in
the system. Nevertheless, due to the regeneration of the
ground-state conformation after the decay, until now there is
no direct experimental evidence of these structures.19
The association of such ﬁve-coordinated species to the
observed spectra is compatible to ESR signals of some cobalt
complexes. Indeed, quite similar spectra have been already
reported for ﬁve-coordinate Co species, with octet lines instead
of a quartet. In these cases, the main features of the spectra
have been attributed to an axial g-factor and 59Co hyperﬁne
matrices with diﬀerent parallel axes.27 Additionally, a high spin
delocalization was observed on the Co-complex that is also
compatible with the spin density presented in Figure 7.
Despite our results suggesting that distorted anionic
structures can be responsible for the observed signals,
indicating that TBP-like structures formed during irradiation
can act as electron traps in the polymer hosts, the origin of the
negative charge is not well understood.
As already stated, the reduction of Ir complexes is a less
plausible process, so it is very diﬃcult to explain the presence of
negatively charged species in the system. Nevertheless, it is
important to keep in mind that traditional CT processes must
be considered with some restriction in the present case, since
they are based on ground-state Ir complexes structures. In fact,
additional and speciﬁc CT processes, quite diﬀerent from those
expected for ground-state conformations, can take place in TBP
structures.
In order to test the hypothesis of LESR spectra being
associated with negatively charged Ir-species, complementary
studies were performed by adding an acceptor compound
(tetracyanobenzene, TCNB) into FIrpic+PS samples. Since we
propose that LESR spectra comes from electron transfer, from
the hosts to Ir complexes, the presence of electron acceptors
could hinder the formation of paramagnetic centers, promoting
changes in the spectra. Figure 8 presents a comparison between
both FIrpic+PS and FIrpic+TCNB+PS spectra, acquired at the
same experimental conditions.
As can be seen, small diﬀerences in the line shapes are
induced by the presence of TCNB molecule. The changes can
be attributed to the superposition of Ir complexes signals and
Figure 6. Hyperﬁne constants for hydrogen, nitrogen, and iridium atoms obtained from electronic structure calculations from the species Ir(ppy)3-
rot−fac (A) and Ir(ppy)3-rot
−
fac (B).
Figure 7. Spin density on Ir(ppy)3-rot
−
fac (A) and Ir(ppy)3-rot
−
fac (B)
optimized structures.
Figure 8. Comparison between LESR spectra of FIrpic in PS and
TCNB+PS matrices.
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additional charged species. The TCNB-based sample also
shows less intense ESR signals in relation to FIrpic+PS, around
a factor of 10. This quenching eﬀect suggests that the presence
of an acceptor molecule deﬁnes a competing route for the
matrix oxidation, reinforcing our hypothesis that Ir complexes
acts as electron traps in the original systems without TCNB.
Indeed, it is quite diﬃcult to outline the exact mechanism
associated with CT processes occurring between polymer hosts
and Ir complexes. In this context, the simplest route that could
be proposed is the direct transfer of intrinsic charges, present
on the polymers, to the distorted complexes. Actually, PMMA
and PS polymers are known to charge easily by contact with
others polymers or metals, commonly presenting some residual
negative charges (called “crypto-electrons”) that can induce
uncommon redox reactions, like Ru-complexes reduction.40
However, in our case, preliminary LESR studies performed on
pure matrices, evidence that no signiﬁcant charges are present
on the pristine polymers, which discredits the hypothesis of
simple matrix-to-complex electron-transfer processes.
Besides also being related to TBP-like structures formation,
the strong dependence of the LESR signal amplitude with UV
illumination can suggest the relevance of traps states in the
hosts for the generation of charged species. As a matter of fact,
the existence of trap states coming from charge-induced
relaxation processes has already been reported for PMMA
and PS matrices.41,42 These states have strong inﬂuence in the
acceptor/donor properties of these materials and have been
associated with intra- and intermolecular relaxation of polymers
segments after charge injection. In this sense, speciﬁc
interactions between polymer segments and the organometallic
compounds, in addition to the presence of “crypto-electrons”,
could be responsible for such traps in the hosts. In this same
context, oxygen or hydrated oxygen species sorbed on the
polymer surface, or even coming from ROS incorporation in
the polymer hosts,5 could also be responsible for trap states in
the system (see Figure 5).43,44 Nevertheless, more studies are
still necessary in order to better evaluate all these hypotheses.
It is important to note that additionally to the presence of
negatively charged species, our results also suggest the
relevance of structural distortions in the Ir compounds coming
from nonradiative triplet state evolution. In this sense, the
absence of expressive signals in PFO matrix reinforces the
relevance of long-lived triplet states for the ESR signal
observation. As a matter of fact, given the alignment of Ir-
compounds and PFO triplet states (see Figure 5), guest-to-host
energy transfer processes are expected to occur in PFO-based
systems.35,45 Such excited state diﬀusions have already been
observed in transient photoluminescence experiments of Ir
complexes in diﬀerent hosts and are also expected to occur in
our experiment.45 Following this mechanism the photo-
generated 3MLCT states (coming from 1MLCT to 3MLCT
transitions) would diﬀuse from the complex to the host,
hindering the formation of TBP-like structures and thus the
observation of a LESR signal.
This hypothesis is indeed corroborated by the observation of
weak signals in FIrpic+PFO. Given the larger dissimilarity
between the guest and host triplet levels, lower resonant triplet
interaction is expected between them,46 in such way that
3MLCT/3MC-TBP transitions can occur in a more eﬃcient
way.
Finally, another relevant factor regarding the presence of
metastable structures is the thermally activated signal decay. As
shown in Figure 3, the LESR signals present amplitude decay
after excitation interruption, which can be recovered after
additional UV excitation.
From the ﬁtting, the curves can be decomposed in two
components with distinct decay constants: (i) a temperature-
independent component with τ1 ∼ 5−7 s, and (ii) a
temperature-dependent component with τ2 = τ2(T), which
can be attributed to several distinct processes. Since our results
suggest that the observed paramagnetic centers are associated
with anionic distorted structures, it is reasonable to suppose
that the signal decay involves CT and structural reorganization
processes. Indeed, the large values of τ in the order of seconds
and its temperature dependence reinforces that the ESR signal
quenching can be associated with structural relaxation
processes. In this context, the Ea values (Table 2) should be
considered as the energy required for conformational relaxation
from TBP structures to ground-state (GS), plus some small
additional relaxation induced by the CT process.
The activation energy associated with transitions from
ground-state (GS) to 3MC-TBP states (EGS‑TBP) has been
estimated to be higher than 0.5 eV for Ir complexes with high
quantum eﬃciency (η > 0.93), which is the case of FIrpic and
Ir(ppy)3.
19 Considering the enthalpy diﬀerence between
ground state (GS) and TBP structures (ΔH), the energy
required for conformational regeneration is supposed to be
ETBP‑GS = EGS‑TBP − ΔH, resulting in activation energies around
0.3−0.5 eV,17 and thus compatible with our result (see Figure
9). In this context, the lower activation barrier observed for
FIrpic-based systems (Table 2) can be explained by the fact
that asymmetric complexes presents lower EGS‑TBP barriers than
symmetric ones.17
Lastly, it is also important to note that the reversibility
associated with the amplitude of the LESR signal indicates that
the structures responsible for the ESR signal cannot be directly
associated with the complexes degradation, which reinforces
our interpretation.
Figure 9. Diagram representing the relation between ETBP‑GS, EGS‑TBP,
and ΔH and their relation with Ea values presented in Table 2.
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5. CONCLUSION
Paramagnetic centers induced by UV photoexcitation on
iridium(III)bis[(4,6-ﬂuorophenyl)-pyridinato-N,C2′]picolinate
(FIrpic) and iridium(III)fac-tris(2-phenylpyridine) (Ir(ppy)3)
complexes were evaluated by electron spin resonance.
The results suggest that paramagnetic centers are generated
on the Ir complexes after UV irradiation. By electronic structure
calculations they are associated with negatively charged trigonal
bipyramidal species coming from nonradiative evolution of
triplet states and stabilized by charge transfer processes
involving the polymer matrix. Furthermore, our results indicate
that once these species are formed, they can act as electron
traps in the system, and thus inﬂuence the electronic and
transport properties of these materials.
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